ABSTRACT This study aimed to evaluate inequalities in the geographical distribution of human and physical resources in the health sector of Kermanshah province, Islamic Republic of Iran. In a retrospective, cross-sectional study, data from the Statistical Centre of Iran were used to calculate inequality measures (Gini coefficient and index of dissimilarity) over the years 2005-11. The highest Gini coefficient for human resources was observed for pharmacists in 2005 (0.75) and the lowest for paramedics in 2010 and 2011 (0.10). The highest indices of dissimilarity were also for pharmacists in 2005 (29%) and paramedics in 2011 (3%). For physical resources, the highest and lowest Gini coefficients were for rehabilitation centres in 2010 (0.59) and health houses in 2011 (0.12) respectively. Generally, inequalities in the distribution of health care resources were lower at the end of the study period, although there was potential for more equitable distribution of pharmacists, specialists, health houses and beds. 
Introduction
Unequal geographical distribution of health care resources has been a persistent policy concern throughout the world (1) (2) (3) (4) (5) (6) . It is not only a challenge to policy-makers, researchers and planners in the health sector but is also a major barrier to the successful performance of health systems (1, 7, 8) . While there is a positive relationship between the geographical availability of health care resources and the health status of populations, increasing health care resources alone does not necessarily lead to improved health outcomes. People regardless of their race, sex and geographical region should be guaranteed fair access to health care services (9, 10) .
Previous studies have mainly focused either on inequality in the distribution of health workers or of health care resources (8, (11) (12) (13) (14) (15) (16) . However, sound decisions are dependent on timely and accurate information concerning the distribution all needed health care resources. In the Islamic Republic of Iran, studies conducted over the country as a whole and in Kermanshah province in particular have reported a high rate of unemployment, low income among a significant proportion of the population and low access to health care resources. These conditions may contribute to inequality in the distribution of health care resources (17) (18) (19) (20) .
Little evidence is available concerning inequality in health care resource distribution in Kermanshah province. Therefore, the aim of this study was to determine whether there were inequalities in the human and physical health care resources distributed across the province during the period 2005 to 2011 and whether was there a time trend in resource distribution. The findings are expected to contribute to evidence-based resource allocation in the province.
Methods

Context and geographical units of analysis
Kermanshah province in the west of the Islamic Republic of Iran consists of 14 counties and is bordered by Hamadan, Kurdistan, Lorestan and Ilam provinces in the east, north, south and south of the country respectively and by Iraq in the west. The total population of the province in the year 2014 was estimated to be around 2 million.
Study design and population
We used a case-study design to describe the distribution of human and physical resources in the province. The data were obtained from the Statistical Centre of Iran (17) . The data from each county was summed to represent the resource distribution in the province, and the unit of analysis was the entire province. In addition, the data on distribution of human resources (the number of specialists, general medical practitioners, pharmacists, dentists and paramedics per 1 000 000 population) and physical resources (the number of health houses, beds, pharmacy, radiology centres, rehabilitation centres and laboratory facilities per 1 000 000 population) over the years 2005 to 2011 were used to calculate inequality measures for the province.
Inequality measures and data analysis
There are many indicators to measure inequality in the geographic distribution in health variables, such as the Lorenz curve, Gini coefficient, decile ratio, index of dissimilarity, Atkinson index and Robin Hood index (4, 21) . We used the Gini coefficient and the index of dissimilarity which are both commonly used in analysing inequality in the distribution of health care resources (10, 22, 23) .
The values of the Gini coefficient vary from 0 (perfect equality) to 1 (perfect inequality). This index can be derived from the Lorenz curve ( Figure  1 ) using the following formula:
Where A = area between the Lorenz curve and the 45° line, whole area under the 45° line.
In the Lorenz curve, the cumulative percentage of the health care resource variables on the y-axis and the cumulative percentage of population on the x-axis are shown. The current study used Brown's formula to calculate the Gini coefficient as follows (24):
Where: Yi = cumulative percentage of health variable in the i th county, Xi = cumulative percentage of the population (ranked by variables) in the i th county, K = total number of counties.
The index of dissimilarity indicates the percentage of all health variables that are redistributed across counties to achieve a situation of perfect equality. The value of the index varies between 0 (perfect equality) and 100 (perfect inequality) and is calculated using the following formula (25):
Where: X ip = i th county's population share, X ih = i th county's health variable share, n = total number of counties.
The time trend in inequality of health care resources was examined by estimating 11 regression models, one for each resource. The dependent variable was the Gini coefficient for the resource and the independent variable was the year as follows:
Where Y = Gini coefficient for i th health variable; x = year.
The robust standard error was applied for possible heteroscedasticity over time inferences. Also, the β
coefficient was used to capture the direction and magnitude of the trend in the Gini for each health variable (3). Negative β implies that the Gini coefficient declined over time and the distribution of health variable became more equal.
The data analysis was carried out using Stata, version 12, and DASP, version 2.3, and the findings were considered statistically significant at P-value < 0.05.
Results
This study assessed 14 counties in Kermanshah province for inequalities in the distribution of human and physical resources in the health sector.
Human and physical health resources per 1 000 000 population
In general there was an increase in the allocated human and physical resources between 2005 and 2011. For example, the number of general practitioners increased from 195 per 1 000 000 population to 229 per 1 000 000 between 2005 and 2011, while hospital beds increased from 1141 to 1575 per 1 000 000 population over the same period (Table 1) . Table 2 shows the Gini coefficients and indices of dissimilarity for the distribution of human health care resources in Kermanshah province over the years [2005] [2006] [2007] [2008] [2009] [2010] [2011] . These demonstrate the presence of inequalities in the health human resources. The highest Gini coefficient was observed for pharmacists in 2005 (0.75) and the lowest was for paramedics in 2010 and 2011 (0.10). Similarly, analysis by index of dissimilarity showed that in 2005 the highest and lowest index of dissimilarity were for pharmacists (29%) and for general practitioners (12%) respectively, while in 2011 the height and lowest index of dissimilarity were for dentists (19%) and for paramedics (3%) respectively.
Gini coefficient and index of dissimilarity for distribution of human and physical health care resources
Generally, a reduction in the inequalities was observed between the baseline and the end of the study. Table 3 shows the Gini coefficients and indices of dissimilarity for physical health care resources. The highest Gini coefficient was for rehabilitation centres in 2010 (0.59) and the lowest was for health houses in 2011 (0.12). Similarly, the highest index of dissimilarity was for rehabilitation centres in 2010 (36%) and the lowest was for laboratories in 2007 (5%). Although irregularities were seen, between 2006 and 2011 the inequality for the distribution of pharmacists showed a decreasing trend, whereas the inequality for general practitioners was almost constant at a Gini coefficient of about 0.2 and in paramedics it was almost constant at a Gini coefficient of about 0.1.
Time trends in Gini coefficient
Among the physical resources, the distribution of health houses, pharmacies and rehabilitation centres remained almost constant between 2006 and 2011 at different levels of Gini coefficient.
Regression analysis
Regression analysis indicated that among the human resources there was a statistically significant reduction in inequality in the distribution of pharmacists (P = 0.02) ( Table 4) . Among the physical resources, there was a statistically significant reduction in inequality in the distribution of health houses (P = 0.01) and of pharmacies (P = 0.004). However, the reduction in inequality for rehabilitation centres was borderline in significance (P = 0.06).
Discussion
One of the main objectives of health policy-makers is ensuring fair and equitable distribution of health services. According to the Iranian statistical yearbook, This study has shown inequalities in the distribution of human and physical resources in the province. For human resources the Gini coefficients for specialists, general practitioners, dentists, pharmacists and paramedics were found to closely relate to the reports of other previous studies (22, 26, 27) . However, the Gini coefficient for dentists in this study in 2011 was higher than that was reported from Japan (0.255) (28) and lower than the report from previous study across all provinces in Islamic Republic of Iran (0.39) (26) . This difference may be due to the inclusion of only one province in our study while the others represented entire nations. Also, the previous Iranian study included all dentists practising in the public and private sectors and this will add to the difference in Gini coefficient between the current study and the previous one. The Gini coefficient for general practitioners in our study (0.18) is somewhat higher than the Gini coefficient of 0.14 for the distribution of physicians reported from a study in Turkey. The Gini coefficient reported from Turkey represented all physicians, including specialists, however, and this implies lower inequality than in our study (27) . In this study, the distribution of resources was also analysed using the index of dissimilarity. For human resources the index of dissimilarity for dentists was 19%, which implies that 19% of the currently available dentists in the province could be redistributed from the over-served counties to the relatively under-served areas across the province to reach an equitable distribution. The index of dissimilarity for dentists in the current study is lower than that reported for dentists (30.5%) in the previous Iranian study (26) . As mentioned above, that study considered all dentists, both private and public, and this could be a likely reason for this difference.
In our study time-trend analysis showed inequalities in the distribution of all human and physical resources decreased from baseline in the year 2005 to 2011. Although the findings showed a reduction in the inequality in the distribution of health resources, regression analysis showed that the reductions were statistically significant only pharmacists, health houses and pharmacies. The reasons could be related to the emphasis given to the development of primary health care in areas where the public have unmet health care services (29) .
Although inequalities still exist, the improvement in the distribution of the health care resources over the 7-year period of our study may imply that Iranian health sector policy-makers have paid attention to improving the allocation of resources across the country. Besides, the increase in the number of specialists, general medical practitioners and pharmacists between the years 2005 and 2011 may indicate that the government Table 3 has paid more attention to the production of these human resources. The increase in the percentage of these distributed resources was higher than the population growth, which showed only a 4% increase between the beginning and end of the study period. A government regulation which allows new graduate general practitioners, dentists, pharmacists and other health professionals to work in remote areas seems to have contributed to the reduction in inequality in the distribution of human resources for health. A previous study also reported that improvement in roads and transportation systems and incentives and promotion opportunities to health workers has contributed to reducing inequalities in the distribution of resources for health (22) . Other reasons could have due to improvement in the equity of distribution of health care resources. However, this study focused only on the distribution of public health resources across the province. The private sector is usually known to practise in areas where it can generate profit from the delivery of services. It has been reported that in Islamic
Republic of Iran about 80% of dentists are working in the private sector in urban areas (30) .
This study focused on analysis of inequality in the distribution of human and physical resources. The fact that the data were credible and representative of the province helps us to confidently characterize the magnitude of inequality in the distribution of human and physical resources in Kermanshah and to suggest possible solutions. However, this analysis did not include the opinion of the people in the province concerning the distribution of the resources analysed. Hence, obtaining additional information from the direct beneficiaries of the services and health care managers in the area could consolidate the findings. In addition, the study was limited to the distribution of health care resources in Kermanshah province, and therefore the findings cannot be generalized to other provinces in the Islamic Republic of Iran.
Conclusions
The results show that inequalities in the distribution of health care resources between the years 2005 and 2011 have decreased, although there was still a potential for more equitable distribution of some resources, such as pharmacists, specialists, health houses and beds, which could be done by the redistribution of the already available resources or by increasing the total resources.
